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(54) OPTICAL TRANSMITTER AND OPTICAL MODULATION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the nonlinear 
resistance of optical signal of an optical communication 
system. 

SOLUTION: Related to an optical transmitter, CW light 
emitted from a light source 1 is phase modulated by an 
electric clock signal with a frequency which is a half of the 
bit rate frequency at an optical phase modulator 24. The 
phase-modulated light is so limited in pass band by an optical 
filter 25 so as to extract only a carrier wave and both of first 
sideband waves. The optical signal, after having passed the 
optical filter 25, is amplified by a first optical amplifier 2, and 
then data modulated by an optical intensity modulator 21. 
The data-modulated optical signal is amplified by a second 
optical amplifier 3, and then transmitted to a transmission 
path. 
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1 1 »iS««jft«C!>*it**:aHti-5 CW 
(Continuous Wave) jt^Fs i s 

cwftmx*&±£ntcMm&ffl&&<oftm^T*—* tr 

> h u- bJSK»:^ i/2J§iSS»Sr*-rsffi«i^ n y * 
^*WJ»-effiffiaEW*ixfc3tf§**C WIE^— *tTy h 

liEr-^ try h hgl«^IMf-^(ff ^ffl^ 

r x - * Zfto — 9 fia £: > f-^mitr 
-**»I*;h,fc#« #^7*— * t^y b i/- hJS&ifc^ i 

ist** 2 ] *asjsjaft*03t«#sraut-r s cw 20 

(Continuous Wave) JtM t , 

ttWr***y 

— * tf y h u- fit ■S-StJHv^Tt'— 

3 ] «a^«R*^#{f #&a«t-#- 5 c w 30 

(Continuous Wave) JtWk t . 

— * fy b U- ^il^»(7)l^f-^^ft^fflV^Tf- 

[»** 4 ] *iS*«jft«[0*{t#*rtB*t^« CW 40 

(Continuous Wave) 3t2S £ . 
CW3tiB^bUJ*t$ix^:CW3tSr2^ilS LfcS. 
*X*i— ^OCWftlC, x-^ 7 try b hJ^^^C^ 1/ 
2fli6»m5t«* o y^fitiffl^t 1 k'7M 
p y hS^ffiffl^RCi-S £ 5^a«aEBI«r*U * 

U 2ooK»*S*(t#S:^Ki-5^Dy^aS»l»t. 
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[»** 5 ] *aij6«jeStO*«*«rlHWi-« CW 

(Continuous Wave) 5^3^ <t ^ 

* try h u— hco i/2m&$k% :: g-fz>nn? u y 
^«**fflv^cw3t«^e>tBit*ixfccw3ttci try 

^o^^ffitbi-^^ p y 

^ oy^^»|ffl-e^py^aE«*ixfc3t«*fc H SufEx 
try b hJ^&^tom^x-^^f ^-Srffi^Tx- 

[ft** 6] 0f^COx-^ tfy b U- btCTT*-*'^ 
5S«i-5*« #K7*— * try b hm&%MD 1/2J1 

* p y^asiB^ai:. 

[»**7] FJf^cor-^ t'y h hCtf-^f 
M * ixfc 3fe« * £ 5S« "t" ^> * 5S« Si *5 v ^ T . 
a«i-6*fi*Oj|^JftJB**«r#i-6CW (Con t 

inuous Wave) pfe^ 2^HgLfc^, 
fc— *cocw^(c: N M/-h^St^l/2 

^^m^^-r^m^:^ p y^W^-^ffl^x 1 try f^o 

te^^^^ttfcCW^ofiffiioJ:TJ ; f^#^'sr^L. 2 
-o<D&&m?tia^&&$i'tZ>* p y * 6 

[ft** 8] I$<Dr-^ t'y h u-hHTf-^f 

^ tr y h — h<Di/2m&9ki:$[-f2>&^.* p y 

CW (Continuous Wave) 1 t'y 

[f»*J5 9] CW (C o n t i n u o u s Wav 
tf y h hSSE»^ l/2jli8[»Sr*ri-5S«^ o y 

iktnjtm^r^-? t'y h i/- MSt^Hf- ^ m 

- hm&&<D i / 2m&%t* : %'tz>mm.? p y^it^-S: 
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(Continuous Wave) ?tiW,frbtii%i & tl 

t p y^m^m^^X 1 try -;/ hfetcfetB^fc 

wftcofMSfcit/fiJ^^U 2orol^fl^^f ^§-£ 10 
^ p y ^P^tt^^f Sfjfe^-i? t*y hu—Y 

im^mii] x— * t-y n/- hcDi/2/a^4- 

4:fliMt5CW (Continuous W a v e ) % 

m^btam^ntzcwttiz, 1 t-y k^pj/ i-stc^s 
mfcm<vmnr'—?m^*m\<^x^?mm*ft : ?i&m 

im&m 1 2 ] if©f-^ f y Y YICX? 1 -? 

iiUf-rsTtm-^tcx-^ t-y s u- MM^icco i/2ji 

I" 53tilHf If o 
1 3 ] ffl&toy*— ? t'y h l — MCTf-^ 

i^m-r 5 TtW-f-t- ^ t'y H/-hJi|«0 1/2)l 

wiwiz^-fzmm.? n y^m^-Srffl^T{i*a^?rJS-r 

14] CW (C o n t i n u o u s Wav 

e) Km^h&tt£ntzffi&$im&i&<Dftmm^-? 40 
f y h u- hj^&mcoi/2ig&m^^-r5mM^ o y 
?\t^*m\,^x$Lft%tm$:mvt-'&, mm^—ftr-y y 
t— Ym&m<Dn 1 m.^-?m^-*m^^xT~?mm$:rT 

[IS*JS15] CW (C o n t i n u o u s Wav 

t-y k u- hjiismw x/zmmk-k^-ir^mm.? p y 50 
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^m-^-^m^-'X&n^mim^tzm, mm?*— *t*y h 

? n y^Sil^JS^nfcm^ttgJ*zKi:^l#ejoJ;t/^ 

mk-t^^tmm^m. 

[!t*iii6] v&m&ZT'-fm^x-^m-rzftmm 

^^^/iscom 1 #g tnmmfecom %k \z.n lt, sfrte 
7?-?m^rx-mmz}&i-z t zw&k -tzytmrnis. 
"[W*JS17] tteitK^x-:?<f^-c-^prs3t^ia 

£ tttzis %&f- fm^-X&m-f Z r k ttWtikk 3fe 
■ff^-cof s/ h u— KJl^C0B&l/2" (nlilf) CO 

m mm tt^-t z m^-zm ^ x mmm zmTummmi® 
*&-t 5 r k k -r 5 Ttma^ 

*m-tz>^k*%fWLk-tz>m*^\ 8tm<D^tmm^o 
[ft*ig2o] mm? j ^?mx#im£titzm^*f>ti 
m ; f-^\t^x-^m-rhf ! -^^WiU^^'^ rt&# 
« t -f z> ft *js 1 9 mm<D 3t^ft ^„ 

[ff*i!2l] j ;^ mMttLffi^mUo 

itiTjfrbmm&km 1 #s offiy^^ttttj-r 5 r i 

mti-5!S*Jll 9^fcif±li*3B2 OfE^cCO^ilUftlo 
tff*«2 2] flutes ^ g|5li, Mffi^^aw 

i^ttttli-Sci^#mti-2)l»*3Si 9£fcl2ff#« 
2 0 IS^C03t^f ^„ 

tatiA-hmmiS. k m 1 # s ^mmm k m 2 s s 

i H 3 # g rofiil^S k ^»tai-s c i t -r 5ft* 

Jgl 9Sfc(4ff*il2 0 IS^oOTt^f g§ 0 

[IIM2 4] ^iS^x-^{f^-T-^Pi-?)*^f 
§lfCffll,NibH-5pt^ p -y^mm^X'h^X. 
^-■?m^(Dt'y Y U— hilK^C0B& 1/2" (nliS 
m) cojl^^ti-^ff^^^^^ p y^<l^HS£3M8: 

mil5^ p ■y^m^±^m^X^>Xi / Fhtvtzm^X\ ffi 
&&ZmM-t2>%.mW^$kk. 



( 4 ) 

5 

r i: Sr#«4:i- 5»3R3J 2 4lE*ttf>5fc* p y^MM^o 
[fS*if 2 7] )WE*ai»SrJ|SlOflr*i:*2 0flr» 

mm i (ois^-zmm? ± ot^ 

J: VTWHBffi«W**«-C*iJ» 4: titfB ^11 

3r«MSt1-5!*:#JS2 4f5«co3t^ n y^SEBHSo 20 
[»**2 8 ] mJfS^ ci y^flHH8flfe*««>ai*fll» 
]Ea*-e*>Sr 4r«rW»ti-5»#q[2 4--»*qi 

i-SW**2 4^6M**2 8^v^*t*»IE*0*^ci 
#<D* 2 # g coffiil^K^ttttJ-r S ^ t St«p» fc 

I»*«3 2] WE^— *ff*tcJ:52e«ilJ: »9*£R:. 
[IS* if 3 3 ] flTEx— ^m-^-tC ct^^pJ: 9 5fcic x 

mzm&^m^x z&m&ftioftz z. t -r sis 

[0 0 0 1] 
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[0 0 0 2] *IWKB*^«nfc*W*5S4: LT, Mx. 
tf, TNTT 'g^fifi, 1999^11^, ^clx^ hu-^^ • u 
M35#. 23-*§\ 2041M— 2042H (Y.Miyamoto e 
t al. , "320Gbit/s (8 X40Gbit/s) WDM transmission o 
ver 367km with 120km repeater spacing using carrie 
r-suppressed return-to-zero format'", Electronicsle 
tters, vol.35, no. 23, pp. 2041-2042, 1999 ) J 

^ixTV^J: ptc % V TttiJ±V 9 — 1/ - h^-ifo 

(carrier-suppressed return-to-zero ) iS^Pi^f^ (C 
[0 0 0 3] H9ttC S-RZSEW**^— WS:*"t"^ 

*WlT»^*ttfc3iefS*lc^py^SE||«:J(6-*-^ 

WSrff p^-^aEWSBl 0 ts 3 t^b«ric4 

[0 0 0 4] ^1 1 4 ^CjoV^T, 1 

J: 9 Ui^^tLfcCW (Continuous Wav 

i»oit^ p y?\%^ u/zwvtm^) 

vtWBk (9fi«*IH) £H5 0 ttJl£l^^l/2^- 
n y^«fP B 1(Dfiffili, fiflv^7 M 5(;J: "9, 7T (1 

8 0S) Motv^ 0 y^^y/ufiMfT?:^: 
^p y hfe^ffiffijftSKtei-S J: 5 4^ y ^«JidSprtB 

[0005] (UlOCD ( a ) iC^P yt^WSi (SlO 
SgtiSl 4 60ttJ^T 1 1) (DftWim {7<<s<f^) 
^^L. (b) b;u^^f 0 (U9 (fcj:tf« 

C S - R Z«IB*aiCfcl«^ n y ^S!||(0»»li, -t 

T^5ltt'*)5o 110 (b) tcio^T. (*B 
[0 0 0 6] ? * y t^mZtitzytim^-l*. mi 
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2 J: 9. *it*l**t*:«, JB 2 
Ttt, Ilf-^ jf # (non-return to zerofit^r) £rffi 
i 9 Kl, h 1 2 SrfflVvrflsj*S*Lfc 1 M^^- 

Xi>£\<\ ±Eiaa«cJ:9*figStLfc5tCS-RZ«» 
tt, * 2 3 (Ci f9 3t*«*ix. fiiUBS^fcfcti 

St*ft5. 10 

[0007] (c) *5,fctf (d) \cm2(D&m 

'SlSl 1 cotB^J T 1 2K:fctt5CS-RZ{f#<£>5fcieE 

^-irCOal^^PJ^-r^/i^^, (Ull (a) , (b) 
CS-RZaEW^AOJtjS^i:*^^^ h/K Ell 1 

(c) , (d) \zr zmm%A<oyti&i& fat*'** 

[0 0 0 8] :iOCS-RZfffft S 1 tf>3t5£S£sB 

fit) ^T^Attt, l/2^ny^ft§ia^ 20 
^ d ^^^gHSr^jtrv^fc*. mil (b) tc^-TJ:- 
5>lc N ISORZfff [Hi l (d) ] ktm-tZb, 

[0 0 0 9] £fc. ±l5oXfi)t(cj:ttf^ i^*/H2 

tCjo^T, RZfl^Cjt^T, CS-RZff-^-Ji 30 

i. 4 d Bitv^agffi /^-tgi^r-fc?,: 

[0 0 10] 

l-BlA*Eat5. 40 

[ooi i ] se^^ts^T*^, ft-y^^^ o ^ 

m&nKlZn (180S) t**{fctBW«E, 
[0 0 12] *8W(OIWtt, CS-RZ*W*aCJ:9 
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fc»K:/ll^5. 1 »0 1 / 2 ^ a y ^ ffifm^l 

«SrS«](c:»-^wi:*cj: «9 C S -R ZfIS fepTlfifci-a 
[0 0 13] 

tt. CW (Continuous- Wave) 3ttBU ^ 
SEW^iS £tifz& Kx- * £!B#J6 £ ix£ Stogie** 

[0 0 14] fittBaE»l»*«rPI*i-*wi:*cJ:o 

[0 0 1 5] **WO*2^*ja6«SStt. ^oj/^SEBI 

^ba4**ttfcCW3lfc«:2»ttUfc*, »lS*Jxfc— * 
cocW7t{d N 1/2 ^ a s/^ff"*r£ffl^T 1 1^ D 
y h»Kite*BasRtei-5 i 5icM«Eil*rJ(SU ifcffi 
*^ltt*ixfcCW3t<©ffiffii3J:t/*]#Srpr*b^ 2o 

[0 0 1 6] *»W<0»3<03tiS«»tt. CW3t % 

1/2 i7 a ^^{f-^-^^l^T ie«^^n s/ 

•T^^ n y ^ K tt 4 r t Sr»ft 1 1 5. 

[oo i 7] ifcfses-ettu fictiSIB^. »2I«*5J:V*- 
lo^MmlJffi : ^^^^^^tiiLTv^5/c^^>, a**a:"cs>s 

/Wig ^ H^"5J fo ^) o 

[0 0 18] Sfc, pTJE-C 

P^ffi*t^**AT'fc5C S -R Z«SISriSi"w £ *> 
[0 0 19] Sfc. *a5Wt?tt, ffiffi«W*16LT^^5 

[0 0 2 0]*bC, *J5WT'I1 loco 1/2^7 a y 
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[0 0 2 1] 

SfSr#RRL-CI¥tt^|ttW"r5 0 **** WT-CttWi-** 

[ 0 0 2 2] B1*#1UT, *5l§S^<J:55tillffSgo 

K*5^T\ 3t«l ^bffiWSttfcCW (C o n t i n u. 10 
o u s Wave) 3ttt, 3t&ffi^lH5i 2 4^jo^T, 

"r—zm^^y v i/2/ii^^:^^"-r^mm 
*n y ^fn§- (i/2mm^ d^^ffl-?-) i-ct ^{iffi^ 

[0 0 2 3]{4ffi^«S2 4K:fc5V^ 7fe<7}f£t@ 3: * 31 

ffiEEStSSrVc 1 kit5^ ffifflaEW«*tt« x V c 

LTte> 0. 3tc — 0. 7 6 5 7c^ffttV\ CltUi 
-^colSIS^^T, CS-RZ ±9 A#t? 

[0 0 2 4] ±91¥jBBfc*i. ^0. 5 w^iiB-CfcS. 

*fc, fitffiaSH»»^W 0 . 7 6 5 tt 

(I»tt^tt0itt5) fc». CS-RZf 
«i«E«**W****#b*tS 0 30 
[0 0 2 5] 112 (a) , (b) C l/2^n^^jf 

0. 5 jttfi.S««*16lfc»^ttft8(|g2 4 0* 
ffl^T 2 1 IC*5ttSftiJHB (T-r^» *5±r/3t^^ 

±9. aanp««r«ii»s*u*. aannKi bTfi. mm 

fcTfcSo 40 
[0 0 2 6] *fc. »i»*i:LTtt, ISl # 

a^J:a f *2#acoi^ffl|ffirS[(D^SrffliaS^:ScJ: 9(-L 

SBOt^ll^&O^aiS^SJ: 5KUfc*&* s , S 
[0 0 2 7] C-T% 7t^^^^2 5tC±9»aS«E. * 50 
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ltl, ^2#@Of^miJ^ : S^^^tSttlLfc^^7 ::f -- 

[00281112(c), (d) {C«ai»[SoJ:tfJBl# 
/i^ 2 SOTfettS^T 2 2lC*3ltS3tifiJK IT 4 
*-»JRRi-5wi»c±9. )ttfMC4 0GHz^P7 

[0 0 2 9] ft*S, HI 1 lC*-r«jS-ettftffiffi£P« 2 
4 t%y 2 5 kfrbf D y^3EW8B2 3*S«J5ftS 

tbT^5„ *fc, El 1 iCte^T^— *$SBS&2 OCD^^c 
tt. ^^JT'fc^C S-RZia^)f- *SEBI«B (El 9 
<7>10) fcH— T*fcSo f-^S^2 0<^ 

3t»*asW» 2 l ktiLtt^y f2 2H H 9 <n%&S& 
Rgl 1 kitL^i/7 M2 irlRl— fltJ*"efcS 0 

[0030] 7*—i?mmm<oytm%-tem 2 cost^is 3 

(e) , (f) K*!fi£*»»2 1 tti^jT 2 3fc*3tta 

[0 0 3 1 ] *3§9!0^ 1 0|tlfi»l»^*5V^Tf4, *7 
^/^2 5 teH? 1 <7>3fci#iHS 2 <7>tfNcK« Lfcjft*. 3$ 1 
c7)7tiiitiI^2C»m ; 5>tcI£B^ti>T 1 b J:< , fg 1 <D3tm*m 
«2<©am^lB«$turv^t>J:v\ 

[0 0 3 2] Sfc. El 3^^-Ti: 2 51: 

ftfcS3t^>r^^ 2 6 2 1 <t3t±§*II§3 

W /^^ 2 6 (7)fflx§^*^s HI 1 Oi^{SSi«^S:^*5JtS3t 

[0033] «*#«easo»-&ti:tt. ««^y y kjw 

Tco^t^ -f 5 ^WK-T ^> d k^X 

v)^ ®m?' J r*'i'k<D? h — # tWiEE^tt5i:V^e) 

^ n y ^ $91811 2 3 fir 5 — * SEIBSR 2 0 <7>SiJ^ISH £ H 

[0 0 3 4] 7 f -^XW»2 0JC*3V^. 

L/c^. Jzcnm*) X~\±t£< % ->y^/uxy K(D-7 7^f 

[0 0 3 5] JSkic, *55W<o*i<oH*?BffiKii3itasai 
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fl^t LTfiNR Z (Non-return to. zero) {H-^£fflV^ 
fc. 1/2IS^ n vtm-^t LTf3\ 20GHzOIE 

^/^2 5li 0. 4 nmCOiiig^^^-i-^^Jg® 
7>f ^^Srffi^Lfco eMii8 0kmX-5*it\ # 
cpM^/^^^il^i/V^Vlx^e^- K7r (standard s 

ingle mode fiber) 5 0 k m t & ^WiV T -f '< (revers 
e dispersion fiber) 3 0 k m t ^<b^J=£ £ tlX V N 5 

[0 0 3 6] v'V^/We— K7 7 -T^O^i^E. 

6 (ps/nm/km) N +0. 07 (ps/nm 2 / 
km) , 0. 2 (dB/km) , 10. 4 (/im) s 
2. 6 2 X 1 0 20 (m 2 /W) Srffll^fio *fc* 

^WtttTfj:, «V«i-2 6. 6 6 (ps/n 
m/km) s —0. 08 (ps/nm 2 /km) . 0. 
3 (dB/km) , 5. 64 (/xm) , 2. 6X10 
- 20 (m 2 /W) «r)HV*fc. 

[0 0 3 7] E4ti\ 2I«'«!7 — l:#t54 0 0 kmg 
m&<OTJs<*^<D&ikm&7Fl,'fcmX~1bZ>o Id BO 

^StiJfc^T, *<)2. 5 d BS5V^f^>l7— T^fi"5 

wt*s*5HB"e«>So tfe§-r*ui, 2. sd 

[0 0 3 8] j&M. 5 £ffiV^T*3§^CD^ 2 (OHJfiJg 

tcj: 9 2MJn5o — *<£>CW3tete, fiJ»«T*»3 8 
icj; 9*^17 — SrKfi^jx^cS, {tm^7 V 3 9 K<fc 9 

3 4tC*5V^C. $LWs7 h 3 5 4rfflV\ l/2®m^P 

y^m^m^xzf^^^/^mmz.^y) ? p 

[0 0 3 9] ±i£ Lfc*3ft«*W«3 4tdi5JtSrB7t^7 

KMffi (H960 1 3) T-fc5 0 #S0SS3 7{C«t 

9#*oft{f-§-ris-&i£$;ft,5 - ijcj: 9, cs-RZif 

* p S/*£SS8B3 37i^ttiW$tLfc^ p ^ 

*2O3fcil«»3fcJ:0ii«£ixfc«* e^&§-<bi£ffi 
5CS-RZfH^r-?fi9i (19O10) 
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l tmu^yv h 3 2tt, H 9 <03t5fi«3CW* 1 1 irffift 

h 1 2 £H-«/*T-fc5« 
[0 0 4 0] lli6(C^2(D^O^J(-fet-t^ i &a50ffi 
^jftJBi:*^^^ h/^^tc H6 (a) , (b) ttjt 

h/ugr^U (c) , (d) fri#SiHl5S3 7<7)7M 
✓**>'*3«t{«fe;*'<* b^£^U (e) , 

(f) li*»S««S3 l«)7>f/^yfc<ttfjfc^^ 

io [0041] m5<Dmmz^-x, *j»ptje*3 s. & 

tgi/^h39, *5±C #10^3 7 11 CS-RZO 
^Dy^fSl^b7^ [16 (b) (c^i-3t3SS2E 
P^3 4CO7tta^C07 , c^-<^ h^/U] ^ E| 6 (d) 

[0 0 4 2] 5pJJ»^rS»3 8te N SU*toSix5«aiiS[ 

* h5/^jS6^0»l#B(?>P5«*« [i6 (b) O^A/ 
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